The coastal zone is very important in the world. China coastal zone was granted the first priority of developing economy in the late 1980s. Since then, high population density and rapid economic development hace caused intensive changes of LUCC in this zone. Those changes have lead to land degradation. Besides, China governments launched series of projects and policy to improve such problems. Those will inevitably cause to diverse spatial dynamics of land degradtion. However, the state of land degradation in certain time is still unknown. Soil erosion is an important indicator of land degradation.Therefore, we use RS images，RUSLE model to anlyze the spatial pattern of soil erosion for 2000.
Besides, China government launched the Shelter Forest Project to peotect land from degradation in coastal zone in 1970s (Ni, 2000) . Lots of coastal shelter forest have been constructed along the coastline. China government also issued series of policy to reduce the risk of vulnerability in coastal zone. Local governemnts has made a number of coastal zone land use plannings to optimize the composition of land use, and integrated watershed management was also executed in coastal catchments (Wu et al., 2012 ). Those will inevitably lead to spatial dynamics of land degradtion. However, the state of land degradation in certain time is still unknown. Soil loss is an important indicator of land degradtion. Therefore, our objectives in this article is to analyze the spatial pattern of soil erosion, understand their drivers and provide suggests for improving current states based on current policy.
Study area and methods

Study area
Study area is located between 41°19'-18°4'N and 108°5'-122°54'E, with an area of about 96727.8Km 2 (Fig.1) . The continental coastline is 18000km long. It is administrated by eight provinces, one autonomous region, and three municipal cities. The climates are composed of the temperate climate, warm temperate climate, subtropical climate and tropical climate from north to south along the coastline. Average annual precipitation ranges from 600mm to 1600mm. 
Method
RUSLE Model
The universal soil loss equation was used to calculate the average annual soil loss and its spatial distribution on coastal zone of China. The advantage of the model is that the model has been widely applied in many researches and can be used to access soil loss at large scale with high accuracy. In the RUSLE, the mean annual soil erosion is expressed as a function of six erosion factors:
Where A is average annual soil loss rate (t ha-1year-1), R is rainfall erosive factor (MJ mm ha -1 h -1 year -1 ), K is soil erodibility factor (t ha h ha -1 MJ -1 mm -1 ), LS is topographic factor, C is crop management factor, and P is conservation supporting practice factor. In this study, average annual soil loss was estimated by multiplying five digital parameter layers(R, K, LS, C, P) in raster format. Computing methods of factors R, C and P were modified according to Chinese Researchers.
Rainfall Erosivity(R)
Rainfall data of 20 years (1981-2000) in 162 meteorological observation stations across the research area from State
Meteorological Bureau was used for calculating R-factor. The area has no record of rainfall intensity as a result daily rainfall data were used to calculate R-factor annually using the following relationship developed by Zhang et al. (2002) :
Where, M is half month rainfall erosivity factor in MJ mm ha -1 h -1 year -1 . Each month was divided into two sections by each month's fifteenth day, the first section was as a half month, and the left was as another half month. A whole year was divided into 24 sections by this method. K is number of days for corresponding half month, P j is the erosivity rainfall for day j, and the daily rainfall must be above 12mm, or calculated as zero. Threshold value 12 mm was based on
China erosivity rainfall regulations (Xie et al.,2000) . α、β are model parameters calculated according to the following relationship:
Where，P d12 is average daily rainfall that daily rainfall is above 12 mm, P y12 is average annual rainfall that daily rainfall is above 12 mm. In this study, daily rainfall data from 1980 to 2000 was used to calculate α、β with formula (3), then to calculate each half month rainfall erosivity with formula (2) within a year for the whole period for each station.
Annual rainfall erosivity of each station was gotten by mean method, and then spatial distribution of annual rainfall erosivity was gotten by interpolation with Anuspline. （4） Where，D g represents average particle size parameter.
Topographic factor (LS)
The data used to calculate LS was ASTER DEM from NASA. The L-factor was calculated based on the equation 
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When slopes 5°≤θ<10°, LS was calculated with the following equation: (6) When slopesθ≥10°, LS was calculated with the following equation:
Where, when θ<0.5°, m=0.2； when 0.5°≤θ<1.5°, m=0.3； when 1.5°≤θ<3°,m=0.4; when 3°≤θ<5°, m = 0.5; λ is slope length. 
Vegetation Cover and Crop
Asssessment of model accuracy
Fiver factors of RUSLE model were multiplied to get the spatial distribution of average annual soil loss for 2000.
Average annual soil losses were grouped into different classes as suggested by the Ministry of Water Resources of China (2008) (Fig.2) . Fig. 2 shows that there is no obvious erosion in middle-low reaches of Yangtze River Plain, which is Table 2 ).We found out that our results and the standards have the similar pattern. Therefore, our results for coastal zone are very credible. Fig.3 shows that soil erosion in China coastal zone is not very serious and widespread erosion only occurs on the coastal zone of north Hebei, Shandong, western Guangdong, Hainan. Major erosion class is moderate erosion. Severe erosion only occasionaly occurs on some areas in the coastal zone of south China.
Spatial pattern of erosion
Soil erosion on cosatal areas aroud Bohai Sea
Most of coastal zone in Liaoning Province is covered by farmland and only a small amount of land is covered by forest. Topograph in most of coastal zone is the plain. In the plain, LS value closes to zero, the parameter of soil particles is relatively low. All farmland has applied conservation pratices. Therefore, most of coastal zone has no soil erosion.
Moderate erosion is occasionally occurred on the hilly and mountainous areas in the parts that extened to Shandong
Province and are near to Hebei Province, and the average rate of soil loss rangs from 5 t ha/year to 25 t ha/year. In Guangdong Province, coastal zone plains are mainly distributed in the middle and northern coastal zones, coastal platform is in the area that extends to Hainan Province, and other coastal zones are mainly composed of hills and mountains. Most of coastal zone platform is used as farmland and under the moderate and severe erosion classes. Other severe erosion occasionaly occurred on mountains due to forest damage. There is no obvious erosion in plains.
Terrain in Hainan coastal zone is composed of platform, mountains and plains. Mountains only distrbute in southern coastal zone. Soil erosion is expansively distributed on the mountains and platforms. The main erosion classes include moderate and severe erosion class. The coastal zone in Guangxi is mainly composed of platforms and hills. Soil eorion only occur on western hills and mountains. Soil erosion on eastern coastal zone of Guangxi is not obvious.
Factors and erosion
According to erosion function, soil erosion was mainly caused by rainfall erosivity factor(R), soil erodibility factor (K), topographic factor (LS), crop management factor(C), and conservation supporting practice factor (P). Spatial patterns of those factors were compared with the pattern of soil erosion (Fig.5) . We find out that although rainfall erosivity factor(R) is higher in southern coastal zone, erosion tends to occur on the slope with lower LS values in northern coastal zone than southern coastal zone. The difference of K between north and south coastal zone is not obvious. Therefore, the main reason for the erosion difference is the vegetation factor.
In northern coastal zone of China, the rainfall in north China is lower than south China. The temperature in north
China is below zero in winter. Vegetation falls during fall and winter season and grows in spring and summer. This leads to worse surface and canopy cover, and vegetation has the weak ability to resist soil erosion. In southern coastal zone of China, average annual rainfall is above 1000 mm and temperature is relatively high. Vegetation is green during the whole year. This leads to better surface and canopy cover, and vegetation has a high ability to resist soil erosion. This cause the erosion occurs on the slope with higher LS values. 
Policy and managements on soil erosion
Although soil erosion is not serious in coastal zone, soil erosion still caused lots of problems in widespread erosion areas. For example, Rongcheng county is located in the area covered by widespread erosion. A fish harbor in this county was abandoned due to soil sedimentation. To improve such situations, coastal zone was also included in the Grain-For-Green project by China central government in 2002. Farmland in steep slope was converted to forest or grassland. Owners of farmland were made up according to the area that was converted.
Forest Law was enforced to stimulate the conversion of barren mountains to woodland around the same time. Barren montains owned by collectives or governments were rented to families and were encouraged to green. The period of use right is at least fifty or seventy years and the use right can be transferred and inherited. The certificate of use right was offically distributed to each contractor. The felling of woodland was regulated by local governments according to some planings. The felling woodland needs to be regreened in limited period.
The development speed of economy in coastal zone is very high. China governments set up number of experimental areas of sustainability trying to coordinate the relationship between economic development and land degradation in coastal zone. The objectives of those experimental areas are to reduce farmer's pressure on the ecological systems by repalceing some resource intensive companies with high technique companies. China central government give some priority and funds for such developments every year.
Disscussion
By result anlysis, we know that coastal zones in Shandong, Hainan and werstern Guangdong are covered by expansive soil erosion. The major erosion class in those areas is moderate erosion class. Severe erosion is occasionaly occurred on some coastal zones. Those expansive erosion leads to large amount of soil runing into seas around those coastal zones.
Population density is very high and area of farmland is very limited in those coastal zones. It is difficulte to preventing soil erosion by simple conversion of farmland to forest or grassland. Since erosion tends to occur on the slopes with lower LS values in norther coastal zone, we should encourage governments get more funds to prevent soil erosion in norther coastal zoen. However, govenments still don't notice this difference. This study also provide a basis for studies on dynamics of coastal land degration and help directions to governments. In future, we should collect more indicators to find out the relationships between coastline changes and soil erosion, and so on.
Conclusions
RUSLE model was developed with python language according previous studies. LUCC data, DEM, daily rainfal, soil data was input to RUSLE model and spatial distribution of soil erosion in China coastal zone was formed. By spatial analysis in ArcGIS, we found out that soil erosion in China coastal zone is not serious. Expansive soil erosion only occurred in coastal zones in Shandong, Hainan and werstern Guangdong. The major erosion class is moderte erosion class and severe erosion only occasionaly distributed on some land at steep slopes. The driver anlysis shows that erosion tends to occur on the slope with lower LS values in northern coastal zoen than southern coastal zone. Governments have enfored some policy to reduce the extent of soil erosion, but the difference between northern and southern coastal zone is still not noticed. We should encourage governments get more funds to improve vegetation cover in northern coastal zone.
This study will provide helpful directions to soil erosion prevention and let limited funds get better results.
